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METHOD AND DEVICE FOR CONDUCTING CATALYTIC REACTION IN 
SHELL-AND-TUBE FIXED BED REACTOR 

The present Invention relates to a new heat exchange mode In a 
high-temperature shell-and-tube fixed bed reactor 

The catalytic reaction having relatively greater heat effect Is generally carried 
out in a shell-and-tube reactor, wherein the effective heat exchange mode 
enables a large amount of reaction heat to shift out of the catalyst bed layer In 
time, so that avoiding the accident of catalyst agglomeration. 

At home and abroad, molten salt is generally used as a heat exchange 
medium in shell-and-tube reactor at high temperature (see, Basic. Organic 
Chemical Engineering, Tlanjin University, 1978, People's Education Press), 
the object of shifting heat Is achieved through forced flow of molten salt among 
tubular bundle, However, molten salt is difficult to flow and has a low heat 
supply coefficient, thus, a relatively greater temperature difference both in axial 
and radial Is resulted sometimes. Moreover, molten salt Is highly corrosive at 
high temperature; If the corrosion results in leakage, a malignant explosion 
accident will occur. Further, a pump of molten salt Is expensive, thus It needs a 
relatively higher investment cost when a molten salt system is used for heat 
exchange. 

Afterward, Jing, Yong, at al put forward a method and a device for conducting 
fluldlzing heat exchange in a shell-and-tube fixed bed reactor (see, Jin, Yong, 
et al, "A Fixed Bed Reactor with Fluidized Bed Type Heat Exchange", 
Chemical Engineering, 1979, No. 1). The method comprises carrying out 
catalytic reaction In a shell-and-tube reactor, wherein catalyst is packed in 
each reaction tube; subject tubes to heat exchange by using a gas-soild ■ 
fluidized bed; and removing heat via fluidized gas and partially circulated solid 
particulate, whereby controlling the reactor's temperature. The specific frame 
of the method is given in Fig. 1, 2 and 3; Fig. 1; a process scheme of the 
reactor and its auxiliary facilities; Fig. 2: arrangement form of multi-tube type 
gas distributor Inside the reactor; and Fig, 3; structural form of multi-tube type 
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gas distributor. In Fig. 1, [2] Is the main body of the shell*and*tube fixed .bed 
reactor; tube [10] !s packed with catalyst, which Is useful for catalyzing 
chemical reaction. The reactive gas (feed gas) enters from a VenturMype Inlet 
gas distributer [6] on the top of the reactor and flows from top to bottom afong 
the tubes to cany out catalytic reaction, and finally flows out of the outlet [12]. 
Solid particulate Is packed among the tubes for fluidlzlng heat exchange, which 
amount is determined according to the practical process situation. The tubes in 
the reactor are fixed with figured pattern card [9]; the fluidizing gas (e.g.,- air) 
passes through a fluidizing gas distributor [8], enters the space among the 
tubes from top to bottom to conduct heat exchange, then its heat Is recovered 
by a waste heat boiler [1], and solid particulate carried thereby Is recovered by 
a cyclone separator [4] before the gas is discharged; the recovered solid 
particulate can be stored In a middle storage tank [5], or added to the reactor 
via a feed device [7]. The present Invention is designed as noivcircuJating type 
or partially circulating type according to the process requirement. Therefor, a 
storage tank [3] for circulating solid particulate Is installed at lower side of the 
reactor; the circulating particulate flows out of the reactor, Is air hoisted, and 
stored in the middle storage tank [5J after being dedusted by the cyclone 
separator [4], and then enters the reactor via the feed device [7], so that 
accomplishing partial circulation. The circulating storage tank [3] also serves 
for the purpose of discharging the solid heat exchange medium when the 
reactor Is shut down. 

The fluidizing gas distributor [8] is a main element of the device; bearing the 
tasks of uniformly distributing gas and providing good initial fluidizing 
conditions, and shall be rationally selected and designed for meeting the 
requirement of normal fluidizing operation. In view of the feature of the 
she!l-and-tube fixed bed reactor having a great number of tubes, a multi-tube 
gas distributor is used. Ffg. 2 is the arrangement form, of the multi-tube gas 
distributor and the tubes in the reactor; the fluidizing gas firstly enters a 
gathering tube [13] via two sides of the reactor and then respectively branches 
[16] of the gas distributor, and ejects downward. The part of branches of the 
gas distributor has a structure as shown In Fig, 3, which Is characterized in that 
the gas outlets are at underside of the branches; the gas is firstly ejected 
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upward to the fluldfzfng . bed layer, penetrates the bed. layer till a certain 
thickness, and then returns downward to bubble through a particulate' bed 
layer. For avoiding the entrance of particulate to the tubes of the gas distributor 
to cause clog when the reactor is shut down, the outlets of the branches of the 
gas distributor are spools [14]. 

The above method and device for conducting fluldiang heat exchange In a . 
shell-and-tube fixed bed reactor not only retain the advantages of relatively 
higher conversion and yield possessed by a fixed bed reactor, but also avofd 
the shortcoming of heat exchange with molten salt However, since the method 
makes no specific requirement on the data for designing the gas distribution, it 
is yet to be further perfected. 

The object of the present invention Is to further perfect the above method and 
device, for further exploiting the advantages thereof and better applying them 
In Industrial practice, 

The present Invention relates to a method for conducting catalytic reaction Jn a 
sheli-and-tube fixed bed reactor, wherein each tube of the reactor is packed 
with catalyst; heat exchange among the tubes is conducted via a gas-solid 
fluid izing bed; and heat Is removed by a fluidteing gas or partially circulated 
particulate so that the reaction temperature Is controlled;' which is 
characterized In that the solid particulate among the tubes Is spherical silica ' 
gel, metal aluminum powder or grit, having an average diameter of 80-120 \i 
and a sphericity of > 0.95; and the gas distributor has a pressure drop of 
0.5-0.8 time based on that of the bed layer. 

By using the solid particulate meeting above requirements, an excellent 
fluldlrlng quality can be assuredly obtained, and the efficiency of fluidfelng heat 
exchange can be Increased. To insure the gas distribution uniform, the gds 
distributor shall have a certain pressure drop; that Is, the selection of a suitable 
gas distribution pressure drop is crucial for designing the distributor. The 
pressure drop for the gas distributor Is calculated as follows: 
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APdlstributor = (0.6*0.8)Hop ate efe 

wherein, Hop S tac* is pressure drop of the bed layer; 

Ho is static height of the fluldizlng bed; 

Paiac* Is stack specific weight 

In order to accomplish the method for conducting catalytic reaction in a 
Shell-and-tube fixed bed reactor, the present Invention designs a 
shell-and-tube fixed bed reactor with fluidfzed bed type heat exchange, 
wherein solid particulate Is packed among the tubes, a multi-tube type gas 
distributor [8] is fixed at the lower part, and the outlets of the branches of the 
gas distributor are spools [14]; which la characterized in that the percentage of 
open area of the gas distributor Is 0.5-0.8%, the pore interval Is 80-120 mm T 
and the tube interval (see Fig. 2) Is as follows: 

t T - (1 .5-2.5)d, t 2 = (1 .25-1 .75)d f wherein d is diameter of the tube. 

The design of the gas distributor is crucial point of the present invention, and a 
good fluldizlng heat exchange effect will be obtained by using the gas 
distributor provided in the present Invention. 

The present Invention also relates to an improvement on the branches of the 
gas distributor, I.e., a kind of double^lpe branches is used. The double-pipe 
branches of the gas distributor are shown in Fig. 4, wherein [16] is- gas 
distributor branch, which consists of outer sleeve [18], Inner sleeve [19], and 
joint [20]. The inner sleeve [19J has upward opening [17] thereon, and the 
outer sleeve [18] has downward opening [15] thereon. The gas enters the 
Inner sleeve [19] via the joint [20], flows out from the opening [17], and then 
downward to the ffuidfeing bed layer via the opening [15] of the outer sleeve 
[18]. This kind of structure brings about same effect as spools [14]. 

Example 

In the process of producing Isonicotfnyl hydrazide, 4-oyanopyridine is prepared 
in a shell-and-tube fixed bed reactor of *16 m, wherein 637 tubes. having an 
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outer diameter of 32 mm and an Inner diameter of 25 mm are Installed, each of, 
the tubes is packed with spherical silica gel particles of dp a 3 mm;- the 
distributor Is multi-tube type down-blow one, which has a percentage of open 
area of 0.6% r a pore interval of 100 mm. and a tube "Interval of ti » 70 mm and 
t 2 = 45 mm, whereby the gas distribution is assured uniform; the gas 
distribution pressure drop Is 1 ,500 mm (H2O); the reactor is operated at 360°C; 
and the fluldizlng linear velocity of the heat exchange medium is 0.3 m/s. In 
this case, the production capacity of 4-cyanopyrldine Is up to 2,000 t/a. 

The reactor of the present invention not only retains the original. advantages .of 
fixed bed reactor, I.e., relatively higher conversion and yield, but also saves a 
large amount of investment and (s featured with simple operation by using a 
heat exchange mode of a fluldfcing bed Instead of the commonly used molten 
salt. Due to the relatively higher heat transfer coefficient, the temperature 
Inside the reactor is uniform, the temperature difference both in axial and radial 
is less than 5 a C ( whereby avoiding the agglomeration of catalyst due to 
non-uniform heating and topical superheating, so that the use life.of catalyst is 
extended. As for a catalytic reaction that generates- side^products, the uniform 
temperature in the reactor is beneficial for Inhibiting the occurrence of 
side-reaction, so that the product yield, the conversion and the product quality 
are increased. 
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CLAIMS 

1. A method for conducting catalytic reaction In a shell-and-tube fixed bed 
reactor, wherein each tube of the reactor is packed with catalyst; heat 
exchange among the tubes is conducted via a gas-solid fluldlzing bed; and 
heat is removed by a fluidizing gas or partially circulated particulate so that 
the reaction temperature Is controlled; which Is characterized In that the 
solid particulate among the tubes Is spherical silica gel having an average • 
diameter of 80-120 u and a sphericity of * 0.95; and the gas distributor has 
a pressure drop of 0.5-0.8 time based on that of the bed layer. 

2. A method for conducting catalytic reaction in a shell-and-tube fixed bed ■ 
reactor according to claim 1, which is characterized in that the solid . 
particulate among the tubes is metal aluminum powder. 

3. A method for conducting catalytic reaction in a shell-and-tube fixed bed 
reactor aocordlng to claim 1, which Is characterized In that the solid - 
particulate among the tubes ts grit. 

4. A shell-and-tube fixed bed reactor with fluldlzed bed type, heat exchange, 
wherein solid particulate Is packed among the tubes, a multi-tube type gas 
distributor [8] is fixed at the lower part, and the outlets opening downward 
of the gas distributor are spools [14J; which Is characterized in that the 
percentage of open area of the gas distributor is 0.5-0.8%, the pore interval 
is 80-120 mm, and the tube Interval is as follows: 

ti * (1 .5-2.5)d, = (1 .25-1 .75)d, wherein d is diameter of the tube. 

5. A reactor according to cfaim 4. which is characterized in that the gas : 
distributor has double-pipe branch, that consists of outer sleeve [18], Inner 
sleeve {19], and joint [20]; the Inner sleeve [19] has upward opening [17] 
thereon, and the outer sleeve [18] has downward opening [15] thereon. 
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ABSTRACT 



A method and a device for conducting catalytic reaction in a shell-and-tube 
fixed bed reactor, which relates to a new heat exchange mode of a high 
temperature shell-and-tube fixed bed reactor In the method of the present 
invention, the solid particulate that conducts gas-solid fluldizmg heat exchange 
among the tubes of the fixed bed reaotor is spherical silica gel, metal aluminum 
powder or grit, which has an average diameter of 80-120 ja and a sphericity of 
> 0.95; and the gas distributor has a pressure drop of 0.5-0.8 time based on 
that of the bed layer. In the device of the present Invention, the gas distributor 
has the optimum percentage of open area, pore Interval and tube interval. The 
use life of the catalyst Is extended, the investment is saved, and the product 
yield r conversion and quality are Increased. 
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